The effects of heparin on the electrophoretic pattern of serum have recently been studied in this Laboratory. It had been found that in normal, strictly fasting individuals an intravenous injection of heparin caused no changes in the patterns obtained either by moving boundary electrophoresis or by paper electrophoresis (1-4). On the other hand, in alimentary hyperlipemia and idiopathic hyperlipemia electrophoretic changes were observed. In the patterns obtained by moving boundary electrophoresis the changes consisted of a decrease in the beta-1 globulins to a subnormal value and the appearance of a new component ahead of albumin (1, 2). On the basis of this observation it had been assumed that the pre-albumin component consisted of beta lipoproteins. However, subsequent studies by paper electrophoresis revealed that after an injection of heparin not only the beta lipoproteins but also the alpha lipoproteins showed an acceleration of their electrophoretic migration: The beta lipoprotein lipid band moved with the speed of either alpha-2 globulin, alpha-1 globulin, or intermediary between alpha-1 globulin and albumin and the alpha lipoprotein lipid band moved faster than albumin (3, 4).
The effects of heparin on the electrophoretic pattern of serum have recently been studied in this Laboratory. It had been found that in normal, strictly fasting individuals an intravenous injection of heparin caused no changes in the patterns obtained either by moving boundary electrophoresis or by paper electrophoresis (1) (2) (3) (4) . On the other hand, in alimentary hyperlipemia and idiopathic hyperlipemia electrophoretic changes were observed. In the patterns obtained by moving boundary electrophoresis the changes consisted of a decrease in the beta-1 globulins to a subnormal value and the appearance of a new component ahead of albumin (1, 2) . On the basis of this observation it had been assumed that the pre-albumin component consisted of beta lipoproteins. However, subsequent studies by paper electrophoresis revealed that after an injection of heparin not only the beta lipoproteins but also the alpha lipoproteins showed an acceleration of their electrophoretic migration: The beta lipoprotein lipid band moved with the speed of either alpha-2 globulin, alpha-1 globulin, or intermediary between alpha-1 globulin and albumin and the alpha lipoprotein lipid band moved faster than albumin (3, 4) .
Because the findings by paper electrophoresis indicated that the pre-albumin component consisted of the alpha lipoproteins and not of the betalipoproteins, as we had originally assumed, it was thought worth while to study in greater detail the effects of heparin on the alpha and beta lipo-proteins after their separation from one another. Consequently, electrophoretic analyses were carried out on plasma protein fractions and on the lipoproteins isolated by ultracentrifugal flotation in 10 normal fasting persons, two persons with alimentary hyperlipemia and seven patients with idiopathic hyperlipemia before as well as one hour after an intravenous injection of 100 mg. of heparin.
METHODS
Collection of blood. Blood was withdrawn in a dry syringe, the samples were allowed to clot at room temperature, then centrifuged and the serum removed with a pipette. For the fractionation of the plasma proteins another blood sample was withdrawn in a syringe containing acid citrate-dextrose solution as an anticoagulant (5) .
Electrophoresis. Paper electrophoresis was carried out, as described in our previous communications (3, 4) , according to the technique of Grassmann and Hannig (6) with subsequent staining of the proteins with Amido Black 10B, and of the lipids with Sudan Black B (7, 8) . For the quantitative determination of the relative amounts of protein the paper strips stained for protein were immersed for half an hour in a mixture of alpha bromnaphthalene and paraffin oil. This produced sufficient clearing of the paper strips so that they could be read in a densitometer. The diagram thus obtained was analyzed by planimetry. Quantitative determination of the relative amounts of lipids on the lipid stained paper strips gave variable and unreliable results which therefore are not reported.
Moving boundary electrophoresis was performed in a Perkin-Elmer Tiselius electrophoresis apparatus, Model 38, as described in previous communications (3, 9) .
Fractionation. Fractionation of the plasma proteins was carried out according to Method 10 of Cohn and his co-workers (10), modified for small amounts of plasma by Lever and his co-workers (5 For preparative ultracentrifugation at a solution density of 1.063 Gm. per ml. 3 ml. of serum were mixed with 7 ml. of a sodium chloride-water solution of such density to give a final density of 1.063 Gm. per ml. at 26 C. After centrifugation the uppermost 1 ml. containing the low density lipoproteins, or beta lipoproteins, was then pipetted off (11) .
For preparative ultracentrifugation at a solution density of 1.21 Gm. per ml. 3 ml. of serum were mixed with 7 ml. of a potassium bromide-water solution of such density to give a final density of 1.21 Gm. per ml. at 26 C. After centrifugation the uppermost 1 ml. was pipetted off. In it were present the low as well as the high density lipoproteins, i.e., the alpha and beta lipoproteins (12, 13) .
Paper electrophoresis of the isolated lipoproteins was carried out within twenty-four hours after ultracentrifugation.
RESULTS

Plasma fractions
Fasting normial personis. Fraction IV + V on analysis by paper electrophoresis and subsequent staining for proteins contained, just as on analysis by moving boundary electrophoresis (10, 5) , most of the albumin of the serum, most of the alpha-1 globulins, and small amounts of the alpha-2 and beta' globulins ( Figure 1 ). On the paper strips stained for lipids one lipid band was present in the alpha-1 globulin area representing the alpha lipoproteins.
Fracticn I + II + III showed on the paper strips stained for proteins, just as oni moving boundary electrophoresis, small amounts of albumin, most of the alpha-2 and beta globulins and all the gamma globulin ( Figure 2 hour after the intravenous injection of 100 mg. of heparin, staining for lipid revealed that the one lipid band present (alpha lipoprotein) had increased its speed of migration and migrated ahead of albumin ( Figure 3 ). The protein stained paper strip showed that this pre-albumin component contained small amounts of protein.
Analysis of Fraction IV + V by moving boundary electrophoresis also showed the pre-albumin component ( Figure 4) .
Analysis of Fraction I + II + III (beta lipoprotein fraction) by paper electrophoresis and subsequent staining for proteins revealed a greater intensity of staining of the beta globulin band than in normal fasting persons. On staining for lipids the lipid band present in the beta globulin area (beta lipoprotein) stained much more intensely than normal. Furthermore, just as in the patterns obtained on whole serum (4), the beta lipoprotein band showed a densely stained trail extending back to the starting line. This trail was due mainly to the chylomicra. One hour after the injection of heparin, the trail of the beta lipoprotein band showed a considerable decrease in its staining intensity and the beta lipoprotein band itself moved with the speed of alpha-2 or even alpha-1 globulin ( Figure 5 ). The protein stained paper strip showed a small amount of protein moving with the same increased speed as the beta lipoprotein on the lipid stained paper, repre-PA A'4" PA. Figure 6 ). Comparison of the lipid stained paper strip with the one stained for proteins confirmed the fact, established already by chemical analysis (14) , that the alpha lipoproteins have a relatively low lipid-protein ratio in contrast to the beta lipoproteins which have a high lipid-protein ratio.
FIG. 4. PATTERNS OBTAINED BY MOVING BOUNDARY ELECTROPHORESIS IN
Paper electrophoresis of the lipoproteins isolated by flotation at a density of 1.063 Gm. per ml. showed only one band on the protein and lipid stained paper strips representing the beta lipoproteins ( Figure 7 ). Again the relatively high lipid-protein ratio of the beta lipoproteins was apparent.
Injection of heparin into 10 fasting normal persons did not cause any changes in the electrophoretic patterns.
Idiopathic hyperlipemia. Analysis by paper electrophoresis of the lipoproteins floated at a density of 1.21 Gm. per ml. (alpha and beta lipoproteins) revealed two distinct bands on both the protein and lipid stained paper strips representing the alpha and beta lipoproteins, respectively. as well as on the lipid stained paper strip. As in the analysis of whole serum and of Fraction I + II + III, the lipid stained paper strip but not the protein stained paper strip showed considerable trailing of the beta lipoprotein band, due to the chylomicra.
Analysis of the lipoproteins floated at a density of 1.063 Gm. per ml. (beta lipoproteins) revealed the same patterns as just described except that no alpha lipoprotein band was present.
An injection of heparin caused the following changes in the lipoproteins floated at a density of 1.21 Gm .per ml. (alpha and beta lipoproteins): On the lipid stained paper strip the alpha lipoprotein band appeared much broader than before and the trail of the beta lipoprotein band representing the chylomicra showed a decrease in its staining intensity. On the protein stained paper strip three bands were now present instead of two bands (Figure 8) . Comparison of the protein stained with the lipid stained paper strip indicated that only the slowest moving of the three bands on the protein stained paper strip corresponded to the beta lipoproteins, whereas the two faster moving bands corresponded to the alpha lipoproteins. That the two faster moving bands represented the alpha lipoproteins and only the third, slowest moving band represented the beta lipoproteins was definitely proven by analysis of the beta lipoproteins floated at a density of 1.063 Gm. per ml. since paper electrophoresis of the beta lipoproteins thus obtained showed only one band on the protein and lipid stained paper strips corresponding to the slowest moving band.
In order to obtain information to which extent heparin had caused an increase in the speed of electrophoretic migration of the lipoproteins, blood was obtained before and after the injection of heparin and the lipoproteins were isolated by flotation at a density of 1.21 Gm. per ml. They then were analyzed side by side in the same electrophoresis chamber and both paper strips were stained for proteins. Comparison of the preheparin sample with the post-heparin sample revealed after the administration of heparin an increase in the electrophoretic mobility of the alpha as well as of the beta lipoproteins (Figure 8) 
DISCUSSION
For a study of the action of heparin on the lipoproteins of normal and hyperlipemic sera two methods were employed by us: Separation of the alpha lipoproteins froml the beta lipoproteins by chemical fractionation, and isolation of the two lipoproteins by ultracentrifugal flotation at densities of 1.063 and 1.21 Gm. per ml. These two methods in conjunction with analysis by paper electrophoresis proved verx tuseful since they enabled us to study the effects of heparin on the alpha and beta lipoproteins separately. The analyses by paper electrophoresis showed that fractionation of the plasma proteins by the smallscale modification of Cohn's Method 10 resulted in a clear-cut separation of the alpha lipoproteins from the beta lipoproteins since each was present in one fraction exclusively. Even after the injection of heparin complete separation of the two lipoproteins was obtained.
Effects of heparin on the electrophoretic mobility of the lipoproteins Injection of heparin caused no change in the electrophoretic mobility of the separated or isolated lipoproteins in normal individuals. On the other hand, in persons with either alimentary or idiopathic hyperlipemia both the alpha and beta lipoproteins showed an increase in their electrophoretic mobility. Of especial interest were the findings on chemical fractionation where after the injection of heparin the beta lipoproteins on the paper strip used for the analysis of Fraction I + II + III miioved with the speed of alpha-2 or alpha-I globulin, while the alpha lipoproteins on the paper strip used for the analysis of Fraction IV + V" nmoved faster than albumin. This l)rovided conclusive evidence that the pre-albumiin component which we had observed following the injection of heparin in the electrophoretic patterns of whole serum in idiopathic hyperlipemia (1, 2) as well as in alimentary hyperlipemia (3) (2) . On moving boundary electrophoresis we observed in both persons a decrease in the beta-1 globulin peak from normal to subnormal values together with an increase in the alpha-2 peak in one and in the alpha-I peak in the other. There was no pre-albumin peak present in either of these two persons. 
EFFECTS OF HEPARIN ON THE LIPOPROTEINS IN HYPERLIPEMIA
The following are our reasons for believing that an in vivo transformation of beta lipoproteins into alpha lipoproteins by heparin does not occur: First, analysis of whole serum by paper electrophoresis and subsequent staining for lipids never showed an increase in the staining intensity of the alpha lipoprotein band after the injection of heparin either in alimentary hyperlipemia (3) or idiopathic hyperlipemia (4) . Second, as shown in the present study, isolation of the two lipoproteins by ultracentrifugal flotation followed by paper electrophoresis and staining for proteins showed after the injection of heparin neither in alimentary nor in idiopathic hyperlipemia any change in the distribution of the proteins between alpha and beta lipoproteins. Third, chemical fractionation of the plasma proteins by Cohn's Method 10 and determination of the amounts of cholesterol and phospholipids present as alpha lipoproteins and beta lipoproteins in idiopathic hyperlipemia never revealed abnormally high amounts of lipids in the alpha lipoprotein fraction either after a single injection or after the long-term administration of heparin; whereas the elevated values for cholesterol and phospholipids in the beta lipoprotein fraction decreased (1, 20) . Fourth, heparin was found to exert no effect on beta lipoproteins with Sf values below 12 (21 (24) . Some of these fatty acids are released after an injection of heparin and then bound to the beta lipoproteins of low Sf values as well as to the alpha lipoproteins, thus increasing the electrophoretic mobility of these lipoproteins. SUMMARY 1. The action of heparin on the serum alpha and beta lipoproteins in idiopathic and alimentary hyperlipemia was studied by electrophoretic analyses of these two lipoproteins after their separation by chemical fractionation as well as after their isolation by ultracentrifugal flotation at densities of 1.063 and 1.21 Gm. per ml.
2. Electrophoretic analysis of the alpha and beta lipoproteins after their chemical separation revealed in both types of hyperlipemia as the result of an intravenous injection of heparin an increase in the electrophoretic mobility of both lipoproteins. The separated alpha lipoproteins moved faster than albumin and the separated beta lipoproteins moved with the speed of either alpha-2 or alpha-1 globulin.
3. Electrophoretic analysis of the alpha and beta lipoproteins after their isolation by ultracentrifugal flotation also revealed an increase in their electrophoretic mobility following the injection of heparin. The alpha lipoproteins were present as two components in the post-heparin patterns obtained by paper electrophoresis.
4. These studies allow the conclusion that the pre-albumin component which we had observed following the injection of heparin in the electrophoretic patterns of whole serum in idiopathic as well as alimentary hyperlipemia represents the alpha lipoproteins.
5. No evidence was found in this study as well as in our previous studies to support the recently proposed concept that the administration of heparin causes a transformation of beta lipoproteins into alpha lipoproteins.
6. The increase in the electrophoretic mobility of the alpha and beta lipoproteins in hyperlipemia following the administration of heparin may be explained by the lipolytic effect of heparin and the resultant binding of fatty acids by the alpha and beta lipoproteins.
